Abstract Emerging adults with type 1 diabetes are at risk for poor glycemic control, gaps in medical care, and adverse health outcomes. With the increasing incidence in type 1 diabetes in the pediatric population, there will be an increase in the numbers of teens and young adults transferring their care from pediatric providers to adult diabetes services in the future. In recent years, the topic of transitioning pediatric patients with type 1 diabetes to adult diabetes care has been discussed at length in the literature and there have been many observational studies. However, there are few interventional studies and, to date, no randomized clinical trials. This paper discusses the rationale for studying this important area. We review both observational and interventional literature over the past several years, with a focus on new research. In addition, important areas for future research are outlined.
Introduction
The incidence of type 1 diabetes in the pediatric population has increased substantially in the last 50 years and is expected to increase further in the next 15-20 years [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Recent data from the SEARCH study have confirmed a 23 % increase in the prevalence of type 1 diabetes in the United States between 2001 and 2009 [13] . Thus, there have been and will continue to be increasing numbers of older teens and young adults preparing to transfer their care from pediatric to adult diabetes providers. While the overwhelming majority of pediatric patients with type 1 diabetes receive their diabetes care from specialists such as endocrinologists [14] , the majority of adults with diabetes, whether diagnosed with type 1 or type 2 diabetes, receive their care from primary care providers. There are many particular challenges that face the emerging young adult with type 1 diabetes. This article will review the unique issues related to older teens and young adults with type 1 diabetes; provide a review of the extant literature on observational, longitudinal, and intervention studies; and offer an approach for an ongoing research agenda to fill the gaps and improve the care and outcomes for emerging young adults with type 1 diabetes.
Unique Challenges Faced by Emerging Young Adults and Impact on Glycemic Control
"Emerging Adulthood" is a unique developmental stage that spans the ages of 18-30 years [15, 16] . According to contemporary thinking, the period of emerging adulthood follows adolescence and precedes true adulthood, which then begins in the late 20s or early 30s. Compared with previous times, modern cultural trends have set the stage for young persons to delay assuming responsibilities and typical adult roles like marriage, parenting, and work. The period of emerging adulthood is subdivided into an earlier stage, ages 18-24, encompassing the years immediately after high school, and a later stage, ages [25] [26] [27] [28] [29] [30] , when the maturing young adult begins to take on more traditional adult roles [15, 16] . With respect to managing a chronic, demanding disease like type 1 diabetes, this period of emerging adulthood is fraught with upheaval as the young person is often separating geographically, emotionally, and economically away from the family home while also transitioning between pediatric and adult diabetes care providers [17••] .
During this stage, the young person also faces many competing social, emotional, educational, occupational, and/or financial priorities that often trump the demands of diabetes self-care [18, 19, 20•] . As a result, older teens and young adults with type 1 diabetes are at particularly high risk for non-adherence, poor glycemic control, and loss-to-follow-up care [21] [22] [23] [24] [25] . This stage can be especially challenging if the young person is also struggling with issues related to depression, anxiety, or disordered eating behaviors, among other mental health problems which require consistent and effective followup care.
As an additional impediment to optimal diabetes management, this period of emerging adulthood represents the time when patients usually transfer between pediatric and adult diabetes care providers. This often creates additional challenges for the young adult who may be ill-prepared to assume all the necessary self-care responsibilities that are expected, in particular, by adult providers. As a result, the emerging adult, while struggling with the daily demands of diabetes self-management, may feel unsupported and vulnerable such that she or he finds it easier to avoid follow-up care than be faced with the need to attend more to self-management and be confronted with a series of medical evaluations aimed at screening for diabetesrelated complications. Naturally, the unprepared young adult will choose to focus on pursuing more typical age-appropriate educational, occupational, and social activities. Thus, it is not surprising that adherence to selfcare behaviors, glycemic control, screening for complications, and medical follow-up care are often not a priority for the emerging young adult.
Pediatric Diabetes: Preparation for Self-care, Transitions, and Transfer to Adult Care Teams It is estimated that~18 % of youth in the United States have some sort of special health care need and the overwhelming majority of these youth grow up and enter adulthood [26] . Thus, it is not surprising that there has been burgeoning interest regarding effective transitions from pediatric to adult medical care teams in general and for young patients with diabetes in particular, especially since type 1 diabetes is one of the most common, serious chronic diseases of childhood, second only to asthma in frequency. There have been multiple position statements written and endorsed by leading organizations that provide guidance on approaches to transition [17••, 27-29] . In 1 approach, "Got Transition," 6 core practice elements comprise the health care transition program (www.gottransition.org/), with application of each element to the pediatric and adult care teams. The core elements include a transition policy for pediatric patients and a young adult privacy and consent policy; youth and young adult patient registries; transition preparation; transition planning; transition and transfer of care; and transition completion. Other organizations, such as the National Diabetes Education Program (NDEP) and the Endocrine Society, have generated materials based upon expert consensus to support the process (www.YourDiabetes Info.org/transitions) (www.endo-society.org/clinicalpractice/transition_of_ care.cfm).
Type 1 diabetes requires unending attention to management tasks related to glucose monitoring, carbohydrate intake, insulin administration, exercise, and sick day management, which are influenced by multiple factors such as stress, growth, pubertal development, and other factors. In childhood, these tasks are managed solely by parents, guardians, school staff, and other adults. As the child grows and matures, there is a gradual transfer of diabetes responsibilities from parents to youth, while parents remain involved and supportive in a supervisory role (Fig. 1) . As the youth ages and requires greater independence, she/he accepts more responsibilities and gradually takes over self-care tasks. There is no exact age at which these transitions in management occur as care must be individualized. Nonetheless, it is recommended that these processes begin in the early teen years, starting at ages 12 to 13 years, with education in Fig. 1 From family-managed diabetes care to shared care to self-care. In childhood, parents are responsible for all of diabetes management. As youth get older, they begin to take on more responsibility for their care while the family continues to provide support and supervision. Eventually, older teens and young adults assume full responsibility for diabetes self-care behaviors, although family support remains helpful for patients of all ages throughout the lifespan self-care behaviors and implementation of a transition plan. Transition is a process that takes place while the youth is in the care of the pediatric diabetes team. The moment of transfer from pediatric to adult teams requires an orchestrated hand-off between providers. The following sections outline recent literature that highlights the process of transition and potential challenges that arise after an unsuccessful transfer in care. A review of observational studies precedes a discussion of interventional studies.
Observational Studies
Emerging adults with type 1 diabetes are at risk for gaps in medical care and adverse health outcomes, including suboptimal glycemic control, early onset of chronic diabetes complications, and premature mortality [22, 23, [30] [31] [32] [33] [34] . To ensure optimal outcomes, patients in this population require ongoing support during the transition to adult diabetes care. However, empiric evidence on post-transition outcomes is limited, particularly in the United States, and virtually all published data are from cross-sectional or retrospective observational studies.
Gaps Between Pediatric and Adult Diabetes Care
Early studies in Canada, where health care transition is mandated at 18 years of age, established the presence of important difficulties in the transition process. Frank [35] interviewed 41 patients (mean age 21.5 years) discharged from pediatric endocrinology clinic at age 18 years in Toronto and found that 24 % were still not being followed medically. Pacaud and colleagues surveyed 135 posttransition young adults in Quebec who had received care at a single pediatric center; 28 % reported delays greater than 6 months in establishing adult diabetes care [36] . Several years later, the same survey was administered to a different sample of 81 post-transition young adults in Alberta; 31 % of subjects reported gaps greater than 6 months between pediatric and adult care [37] .
Along similar lines, in our recent U.S. survey of 258 post-transition young adults in Boston, 34 % reported a gap greater than 6 months between pediatric and adult care. Respondents who felt mostly or completely prepared for transition by their pediatric diabetes providers were significantly less likely to report gaps in care greater than 6 months (adjusted odds ratio 0.47, 95 % CI 0.25, 0.88), as were those who had 3 or more pediatric diabetes visits in the year prior to transition (adjusted odds ratio 0. 
Post-Transition Health Care Utilization
Patients with delays between pediatric and adult diabetes care also may be at risk for further loss-to-follow-up in adult care. In addition, previous research has shown an increased incidence of acute and chronic diabetes complications in adolescents and young adults with infrequent clinic follow-up [32, 39, 40] .
In the United Kingdom, Kipps and colleagues compared clinic attendance patterns in 229 older teen and young adult patients with type 1 diabetes from 4 districts employing different transition strategies. Overall, 94 % of patients had a high rate of clinic attendance (at least every 6 months) in the 2 years before transition, but this rate declined significantly post-transition to 57 %, (P<0.0005). Higher post-transition follow-up rates (63 %-71 % vs 29 %-57 %) were noted in districts where patients were able to meet their adult diabetes providers prior to transition, a finding that was supported by observations from patient interviews [41] .
In Germany, Busse and colleagues conducted telephone surveys with 101 young adults who transitioned from a single pediatric diabetes center. Adult clinic follow-up rates were generally high, but nonetheless, there was a significant decrease in clinic attendance rate after transition (8.5±2.3 visits per year pre-transition vs 6.7 ± 3.2 per year posttransition) [42] . Similarly, in a retrospective cohort study analyzing data from 104 patients who transitioned from a single pediatric center in Sweden, Sparud-Lundin and colleagues found that the mean number of diabetes clinic visits declined between pediatric care (3.6±1 visits per year) and adult care (2.7±1 visits per year). During the retrospective follow-up study period, in which patients were 18 to 24 years of age, less than 10 % of patients had hemoglobin A1c (HbA1c) levels in the recommended range and 'background' retinopathy as reported in the paper increased from 5 % to 29 % [43] .
Diabetes-related inpatient hospitalizations are an important aspect of post-transition health care utilization. Nakhla and colleagues analyzed a large retrospective cohort of 1507 transitioning patients with type 1 diabetes in the Ontario Diabetes Database and showed that diabetes-related hospitalizations increased from 7.6 to 9.5 per 100 patient-years in the 2 years after transition to adult care (P00.03). After controlling for factors including gender, income, and pretransition diabetes-related hospitalizations, the study further found that patients who continued with the same diabetes physician after transition (even if the allied health care team changed) were 77 % less likely to have post-transition diabetes-related hospitalizations. However, the rates of eye examination in the 2-year periods before and after transition were not significantly different (72 % vs 70 %, P00.06)
Glycemic Control
Age-based HbA1c target ranges recommended by the American Diabetes Association are less than 7.5 % at 13 to 18 years of age and less than 7 % at ≥19 years of age [45] . For most adolescents and young adults with type 1 diabetes, achieving glycemic control in these target ranges remains an elusive goal. The cross-sectional, multicenter SEARCH for Diabetes in Youth study showed that only 32 % of patients with type 1 diabetes aged 13-18 years (n01499) and 18 % of patients aged ≥19 (n0298) years met these recommended HbA1c targets [14] . However, data are limited to describe patterns of glycemic control across the health care transition or the impact of specific transition factors upon HbA1c.
Several cross-sectional and observational studies have examined HbA1c values around the health care transition and found no significant differences, although conclusions are generally limited by lack of prospective design. In the German study by Busse and colleagues, pre-and posttransition measured HbA1c data were available for only 44 of 101 subjects, with no significant differences (pre-transition HbA1c 8.5±1.5 % vs 8.3±1.6 %, P00.44) [42] . Another German study by Neu and colleagues attempted to follow patients with annual surveys after transition, but enrollment progressively declined each year due to lack of participant response. Measured glycemic control data were presented for 99 patients at the start of the study but for only 34 patients after 1 year and 12 patients at 5 years. There was a trend towards mild improvement in HbA1c over time (7.7 ±1.2 % at baseline and 7.1±1.6 % at 5 years), but the small sample size limits interpretation [46] . In Sweden, over a 7-year retrospective observational period in the study by Sparud-Lundin and colleagues, bivariate analyses showed a significant trend towards post-transition HbA1c decreases in women, but not men [43] .
In addition to the analysis of gaps between pediatric and adult diabetes care described above, our recent survey of 258 post-transition young adults in Boston also examined relationships between health care transition preparation and glycemic control. Subjects were 26.7±2.4 years old with mean HbA1c 8.1 %±1.3 %. Overall, 63 % of subjects felt mostly or completely prepared for transition by their pediatric team, although none participated in formal transition programs. In multivariate linear regression, average current HbA1c was 0.49 % higher for each percent increase in pediatric pre-transition HbA1c (β 0.49, P<0.0001). Higher education (β -0.55, P00.01) was inversely correlated with post-transition HbA1c, but there was no independent association of transition preparation with glycemic control (β -0.17, P00.28
The above studies highlight close associations between pre-and post-transition HbA1c and underscore the importance of preventing deterioration in glycemic control during adolescence, since adolescent control generally seems to predict young adult glycemic control. However, patients in these studies were not part of transition program interventions, which are likely required to improve young adult HbA1c outcomes.
Perceptions of the Transition Process
In most published studies exploring young adults' perceptions of transition, some dissatisfaction with the transition process is a common theme. For example, in the UK study by Kipps and colleagues comparing outcomes in 4 districts in the UK, 20 % of the 106 interviewed subjects reported feeling "not satisfied" with the transition. The proportion of dissatisfied subjects was significantly increased (47 %) in patients who did not attend a specialized young adult diabetes clinic [41] . In Germany, 58 % of the 101 subjects interviewed by Busse and colleagues reported negative transition experiences. These negative experiences included lack of transition preparation, problems finding suitable adult diabetes providers, feeling lost or alone in the adult care system, and feeling surprised by the differences from pediatric to adult care [42] .
In our survey of 258 post-transition patients in a single adult diabetes clinic who had received pediatric diabetes care at 95 different centers across the United States, only 36 % were mostly satisfied and 26 % completely satisfied with their transition experience. Transition satisfaction (mostly/completely satisfied) and report of transition preparation (mostly/completely prepared) were very highly associated (P<0.0001) [38•] .
In previously unpublished data from our survey, we examined self-reported perceived differences between pediatric and adult diabetes clinic settings. Overall, 60 %-80 % of respondents selected "agree" or "strongly agree" for their experiences with various aspects of pediatric and adult diabetes care, such as time spent with patient, perceived listening and caring, goal setting, and clinic access for prescriptions or urgent questions. However, we found interesting differences in the agree/strongly agree response rank order between pediatric and adult care attributes. For example, report of provider goal setting was ranked at the top for adult care, but was the least endorsed for pediatric care. In contrast, easy access to the clinic for prescription refills or urgent questions was ranked highly for pediatric care but at the bottom of the list for adult care.
Delving more deeply into these issues, qualitative work has further elucidated key themes about the change from pediatric to adult clinical settings. Dovey-Pearce and colleagues utilized semi-structured interview and focus group methods to organize young adults' suggestions for developmentally appropriate diabetes care. Major themes included the need for staff consistency and civility and navigable clinic structures that do not overwhelm transitioning patients, as well as support for emotional and social as well as medical demands [47] . Visentin and colleagues conducted semi-structured interviews with both young adult patients and pediatric and adult providers. Data from this study revealed major differences between pediatric and adult diabetes care models, including a less friendly and more formal environment, less parent involvement, increased patient responsibility, and greater focus on diabetes complications in adult care systems [48] .
Interventional Studies
To date, there have been no randomized clinical trials examining the efficacy of structured transition programs. However, both structured and unstructured transition programs have been reported and evaluated in the literature. Structured transition programs, consisting of procedures and guidelines to help patients transfer to adult care, have been shown to result in better outcomes than unstructured transfers, resulting in less loss-to-follow-up care, shorter gaps in care, lower HbA1c at first adult visit, fewer admissions for diabetic ketoacidosis (DKA), and fewer long-term complications.
Dedicated Young Adult Clinics
One of the first studies on transition from pediatric to adult diabetes care was conducted in Indiana by Orr and colleagues [49] . They followed pediatric patients before and after the transfer to a young adult clinic (age~17 years). The major finding from this study is that HbA1c was unchanged a year after transfer (P00.15), suggesting that transitioning to a young adult clinic did not have a negative impact on glycemic control.
In Nebraska, Lane and colleagues [50] retrospectively evaluated participation in and outcomes from a young adult clinic compared with a general endocrinology clinic over a period from 1999 to 2005. Providers in the young adult clinic saw patients at least every 3 months, and included an endocrinologist, 2 nurse educators, and 2 dieticians. Follow-up contact was encouraged and education was provided, both in an individual setting as well as a group class on pattern management. The general endocrinology clinic consisted of a larger number of providers who saw patients for appointments every 3-6 months. Mean age was younger by 2 years in the young adult clinic (P<0.001) and no patients were treated for hypertension in the young adult clinic (P00.03). The no-show rates for both clinics were similar (P00.20). HbA1c did not differ between groups and HbA1c declined over time in both groups (P<0.002).
Holmes-Walker and colleagues [39] developed and implemented a program in Australia to help young adults, ages 15-25 years, maintain attendance at a young adult clinic and reported data over a 5 year period. The program consisted of a transition coordinator who made contact with participants prior to each appointment, helped rebook missed appointments, and booked appointments every 3 months. The program also consisted of after-hours phone support, which was only available to people in the program. Participation in the program was associated with a decrease in HbA1c (P<0.001), a reduction in hospital admissions for DKA (P<0.05), as well as a reduction in length of hospital stay for those participants who had more than 1 hospital admission over a 12 month period (P00.02).
In 2008, Logan and colleagues in the UK [51] designed and implemented an intervention consisting of a year-long transition clinic, comprised of both pediatric and adult medical providers, which feeds into a young adult clinic which is held in the evening. Pediatric patients have their last 3 visits in the transition clinic with both pediatric and adult providers prior to the transition to the young adult clinic. The clinic group holds annual focus groups with patients in the transition age group to identify features of a young adult clinic that would be ideal for patients. One of the unique aspects of this young adult clinic is that patients have 3 appointments spread over a year and patients can choose which member of the team they would like to meet with for 2 of the 3 appointments (diabetes doctor, diabetes nurse, dietician, clinical psychologist). They are only required to have a medical assessment annually. Over 3 years, the young adult clinic achieved an 84 % attendance rate, as well as a drop in HbA1c from first to third visit (9.7 % to 9.0 %, P00.008). In addition, percentage of patients achieving an HbA1c <7.5 increased significantly (P00.01).
Care Coordination and Transition Planning
Van Walleghem and colleagues [52] have designed and implemented an intervention in Canada using care coordination, called The Maestro Project, to help young adults ages 18-25 years maintain connection with their providers as they transition from pediatric to adult diabetes care. The 'Maestro,' or systems navigator, has consistent contact with participants to provide support and help them access medical care. The program also has a website, a newsletter, and a group meeting, as well as educational events. The study compared those who participated in this program as they transferred from pediatric to adult care (younger group) and those who had access to the program 1-7 years after transferring from pediatric to adult care (older group). The program was successful in reducing loss-to-follow-up for the younger group and in helping the older group reconnect with medical care. The younger group reported no long-term complications, while the older group reported some complications. Notably, Holmes-Walker and colleagues in Australia, as noted above, were the first to report use of a care coordinator to assist with easing the transition [39] .
In Italy, Cadario and colleagues [53] retrospectively examined the transition process in 2 cohorts from 1994 to 2004. Two groups, at different time periods, were transitioned from pediatric to adult services differently. Group A was sent a letter detailing their clinical history, including an upcoming appointment with an adult diabetes doctor. Group B participated in structured transition planning. This program consisted of working with their medical team during the last year in the pediatric clinic and discussing expectations and clinical implications regarding the transition process. Patients in Group B were given individual help by a transition coordinator during the transition period and were also assured they could return to pediatric care if they did not want to stay in adult care. The last visit in the pediatric clinic was attended by the pediatrician and adult doctor and the pediatrician gave a medical summary to both the patient and the adult doctor. Additionally, the first visit in the adult clinic included the pediatric doctor.
This program included many aspects that are recommended by various professional guidelines; and, in fact, it was effective in improving follow-up and diabetes self-care. Length of time between last pediatric visit and first adult visit was shorter in Group B (P<0.01). One year and 3 years after the last pediatric visit, 100 % of the patients from Group B were still followed in the adult diabetes clinic. In addition, the first HbA1c in adult care was improved from the last year in pediatric care in Group B (P<0.01), but it did not differ in Group A. In addition, 1 year after the transition, HbA1c was lower in Group B than in Group A (P<0.05).
Young Adult Support Groups
More recently, we examined the utility of support groups for young adults with type 1 diabetes in the transition period [54•] . Participants, ages 18-30 years, attended monthly support groups for 5 months. We assessed HbA1c, diabetesrelated burden (measured by the Problem Areas in Diabetes survey (PAID [55] ), and diabetes self-care (measured by the Self-Care Inventory-R [SCI-R] [56] ). Eighty percent of participants attended at least 3 group sessions; 53 % attended at least 4 sessions.
Scores on the PAID decreased significantly from pre-to post-group (P00.02), indicating less diabetes-related burden after group participation. In addition, SCI-R scores increased from pre-group to post-group (pre: 63.6±12.3, post: 72.0±13.7; P00.09), suggesting that participants increased their self-care behaviors. Electronic medical record review provided HbA1c data from the year prior to and the year after participation and revealed that 2/3 of participants demonstrated improvement in HbA1c. During the course of group participation, the young adults identified 3 themes important for discussion: 1) objective approaches to managing diabetes in day-to-day life; 2) subjective recollections of interactions with peers without diabetes and handling imperfections regarding diabetes care; and 3) emotions related to insecurities, concerns about imperfections in care, stress, anxiety, and sadness. These young adults sought diabetes care providers who were knowledgeable, supportive, responsive, and part of a multidisciplinary team. They valued open communication and sufficient interaction time.
Future Directions
A new initiative called "Let's empower and prepare type 1 diabetes youth" (LEAP) in Southern California, funded by the Helmsley Trust, aims to support the transition from pediatric to adult diabetes care and reconnect those young adults who are lost to follow-up with regular medical care, with a focus on underinsured patients (http://leap-usc.com/) [57] .
Taken together, these studies show that structured transition planning and processes work to improve outcomes in young adults with type 1 diabetes. However, randomized clinical trials are needed to test these transition programs in order to understand and develop a gold standard for helping pediatric patients make a successful transfer to adult care.
Conclusions
Emerging young adults with type 1 diabetes are at high risk for diabetes complications, due to non-adherence, suboptimal glycemic control, and loss-to-follow-up care [17••, 32, Fig. 2 Constellation of factors influencing healthcare transition in emerging young adults with type 1 diabetes. Multiple factors likely influence the success of healthcare transition from pediatric to adult diabetes care teams. A successful transition will lead to improved health outcomes. Additional research is needed to identify the optimal approaches to ensure a successful transition [58] [59] [60] [61] [62] [63] [64] . As these young adults face competing social, emotional, educational, occupational, and/or financial demands, coupled with decreasing parental support and fragmented care between pediatric and adult providers, adherence to self-care behaviors often declines, glycemic control then deteriorates, and risk for acute and chronic complications increases (Fig. 2) [21] [22] [23] [24] [65] [66] [67] [68] .
In studies of youth with type 1 diabetes, adolescents with depression and disordered eating behaviors have poorer outcomes and increased rates of hospitalization [67, 69, 70] ; this trajectory continues with physical and mental health problems as youth enter young adulthood [21] [22] [23] [24] 71] . The British Diabetic Association Cohort Study [30, 72] documented that the relative risk of death was higher for young adults with diabetes than for those without diabetes. Thus, it is critically important to begin the process of transition with support for both the acquisition of self-care behaviors and ongoing follow-up diabetes care to optimize chances for long-term health for young persons with type 1 diabetes.
Recent reviews have highlighted a framework upon which to conceptualize the transition process for patients with type 1 diabetes [20•, 73, 74] . As multiple factors influence the transition process (Fig. 2) , additional study is needed to uncover the relative importance of each factor and to consider opportunities to utilize new technologies such as social media and mobile applications to engage the older teen and young adult in self-care behaviors. Future research will be directed at the design, implementation, and evaluation of approaches to ensure a successful transition that avoids gaps in care and provides the necessary scaffolding to support the emerging young adult with type 1 diabetes.
